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) .
) Overview

+ We will learn how to extract Fermi LAT data and prepare
for analysis with the Science Tools

< Data Access:

- File types

- Event classes

- Obtaming the data

- Preparing the data for analysis

<+ Science Tools:

- What are Science Tools?
- Documentation
- Execution modes
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®) Data Access

File Types:
+ Event file

- Photon files: contain all information needed to perform science
analysis

- Extended fils: contain additional information about each photon.
Not necessary for most science analysis

+ Spacecratt pomnting and livetime history file:

- Contains 1nfo about the spacecrait (the LAT to be more specific)
position and orientation in 30 seconds intervals

- Used to make time cuts on events based on Good Time Intervals
(GTIs)
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Event Classes

+ There are three classes available in both types of event
files:

Transient: L.oose quality definition. Likely some background
contamination

Source: Tighter quality cuts. Typically included in transient
analyses

Diffuse: Tightest background rejection cuts. Highest
probability of being a photon. Used for most analyses.
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‘@ Data Access

+ All Fermi LAT data products are
available on the Fermi Science
Support Center (ESSC) page:

<http://fermi.gsfc.nasa.gov/cgi-bin/ssc/LLAT/LATDataQuery.cgi>

+ On this page user can select a
region of the sky around a given
object.

- User can specity either the name of the
object or 1ts coordinates.

- Select on the radius of the region of
interest (ROI)

- Specity start and stop times for the
observation dates

- Specify an energy range
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+ We will extract data in a
10 degree radius around

the CTA1 pulsar
(RA = 1.7656, DEC = 73.02552).

+ Leaving the date and
energy range fields empty
will retrieve all data
available i the 100-MeV
- 300 GeV range

% We are mterested 1n the
photon data and
spacecraft data files.
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Data Selection

| Groups’ Time Workbook GLAST o ‘

* You Will get d page like thls __] B xtime -AD.. = || X. CTAI paper.. x ][tﬁo»lwcd' ;x
which summarizes your query o s
and gives an estimated time for & Sithoncons " Farmi Homepage
your data to be ready to Fermi

wiE . | ‘ /" e
’ aﬁi Vg |
download Science Supp enter )

HOME RESOURCES PROPOSALS DATA HEASARC MHELP

+ You can retrieve this same data Query Successtully Submitted

. f ° o Your query has been successfully sumitted to the search system
ln the Uture uSIIlg the unlque m The submitted query parameters for query [ID=L100422162532E0D2F37E35 were:

Data Policy

query number assigned to this Sl Search Conter (RA,Dec)e(1.7565,73.0255

Radius
Start Time (MET)

One (JUETY. L100422162532E0D2F37E35 [iness YT SRl PO

+ LAT Data Queries ximum Energy = 300000 MeV
3 ho = cv Results
ln t ls Case + LAT Weekly Fi setimated time until completion of the query is

+ GBM Data accessed at

Data Analysis

To access this query in the Tuture B I you woud Ik 1o receive and e-mail ntica

AQ your e-mail address in the form below
just go to:
<http://fermi.gsfc.nasa.gov/cgi-bin/ssc/LAT/
OueryResultS 'Cgi + Privac plicy and Important Notices Curator: J.D. Myers

. bat, ) Responsible NASA Official: Phil Newman

> + Co NASA Science Official: Neil Gehrels
e ore About Ferm
+ FS5C Helpdesk

X/
E X4

Submit e-mail address Reset

Last Modified:

;md use the query #
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Data Selection

+ It you click on the link m
the query summary page

you will get the requested
files.

- Files tagged with the PH##

string are the photon events
files

- Space craft file 1s tagged
with the SC string

<+ Download the files

| Bl s1ime - AD § X, CTAL paper . = |l X Posaible Galo i x BPS)

et ¢ NASA Homavass
SPACE FUGHT CENTER = MRERSE

¢ Fermi Homepage

Fermi
Science Supp

LAT Data Query Resulits

Welcome to the LAT Data Query Results page. This
reGguested from the FSSC's dats servers
™

¢ submitted query parameters for query ID=L100422151847E0D2F37E30 were
Data Policy

m g e ke
St ( B - ) & s (2
v

4+ LAT Data

+ LAT Catalog

4+ LAT Data Queries
+ LAT Query Results
+ LAT Weekly Fies
+ GBM Data

Data Analysis
Newsletter

rom. The identifiers are of the form

FAQ

fie number. The file number will generally
very large data return. In that case the dats s roken up Int
of the database Tield e

- Photon Database
»C -~ Spacecraft Pointing, Livetime, and Mistor

V « Extended Database

A7E0D2F37630 M0
D MM

30_Pm02.Nits
D_PHD3.fits
1847E0D2F37E30_SCOO0.fits

Yo get the results from another query, enter the query 1D string belo

Submn Reset

YOU May suDMitl 3 NCw Scarch at

FRM
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» Weekly Files

+ Often one 1s 1nterested in multiple regions of the sky and would
like to keep an all sky data files handy on the cluster.

+ The easy way to do this 1s'to download the weekly files already
merged from the FSSC.

<http://fermi.gstc.nasa.gov/cgi-bin/ssc/LAT/WeeklyFiles.cgi>

+ The weekly files contain only the “Diftuse’ class photon events

7/
%

Weekly spacecratt files are also available

7/
%

An easy way to get these files 1s using wget:

% This will download all weekly files (spacecraft, photon, and
skymap 1mages)
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‘@’ Science Tools

+ Developed by the Fermi LAT team and 1s available on the FSSC
website:

- < http://fermi.gsfc.nasa.gov/ssc/data/analysis/ >

<+ Documentation at< http://fermi.gsfc.nasa.gov/ssc/data/analysis/documentation/ >«

- (icerone <http://fermi.gsfc.nasa.gov/ssc/data/analysis/documentation/Cicerone/>:
Describes the full Fermi Science Tools. It 1s a detailed description of the
analysis environment and 1ts methodology.

- Reference manual < http://fermi.gsfe.nasa.gov/ssc/data/analysis/scitools/references.html> .
Detailed description of each tool

- Analysis threads < http://fermi.gsfc nasa.gov/ssc/data/analysis/scitools/ >:
Cookbook examples of some common analyses

< User contributed S/W:

- < http://fermi.gsfc.nasa.gov/ssc/data/analysis/user/ >
- Any body can contribute! FSSC is in no way responsible for this S/W
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Science Tools

+ A list of all available Science Tools:
< http://fermi.gsfc.nasa.gov/ssc/data/analysis/scitools/overview.html >

| Schence Grovps' Time Workbook CRAST « ~/,~ >
£ Data » ] j’;rs.nu “AD l -c_'u};w xSt o
utilities
LUikelihood:
Gamma-ray Burst Analysis:
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Science Tools

<+ Execution:

- Interactive:
+ User will be asked for parameter entries on the command line

+ Allows for access of some parameters ot the tool. No access tor
hidden parameters

- Command line style:
+ Allows access tor all parameters of a given tool.
+ Usetul for scripting
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% FITS Format Data Files 2%

<+ Standard file format for astronomical data
+ FITS stands for Flexible Image Transport System

+ Designed to store scientific data sets consisting of multi-
dimensional arrays such as:

1-D spectra

2-D 1mages

3-D data cubes

Tables containing rows and columns of data

<+ In addition to data stored FITS files contain “metadata’
which 1s a list of information about the data set
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FITS Data Files

<+ One can look at what 1s mside a
FITS file with fv:

Contains helpful information about the data

such as the energy cuts, start and stop times,
and info about the ROI

Extensions

Input merit file 000000 werit. r
[ oot

Filter string (CTEDe
L ‘.-pw-nf"n.u
’II\’I\IR"‘

DSTYP1

I\'J) 1

/ Bumber of data subspace keywords in header
ed the fol 1r~v ng filtering expression to or this table
1 /foo. f1t[EVENTS) [gtifilter (" /acratch/glastwp/
57414 v105, fat texpqti®)|

‘11\1\ Il' ¥ C
HISTORY
"‘lTVIYIR ¥

S00, 73, 025520, 10 000000) *

|<-'Mi e 7417 000000-293542047 085000
DSTYP4 Y

DSUNI4 .

DSYALA D0 . 000000 - 300000 000000

END

24 Event parameters 485517 Events

‘ X11 Applications Edit Windl Help
v \ . Summdy of L10 OD2F37E30 PHOQ.Nits in /media/disk
New Fle...
Open Flo...
SkyView

Catadogs... 0

e . st | Mot | AR | Select

ZOUSXZINN WS freader | st | Pt | A8 | Setect

file (4t Tooks

e Exteasion

Conmect %o Hera... <

fv. Header of L10042215 1847600273 7E30_PHJ0.fies[1] in /media/disk-2/Scratchia..,
Toots e

Display Device

Hde A Windows

Huoxdor

-
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‘ X11 Applications Edit Window Help
v fv. Summary of

New Fie...
Open Filo...
SkyVew
Catalogs... ! Wage
VizieRl..
fam Flood .

indery 27 cols X 885517 rows

Bnary 2 ools X 270 rows

THETA RECON_VERSION CALIB_VERSION
E I 3

dog %
Modty Moy ) Modty

1. 2047198402 710243201 | 6 910254£.01 | 3.022012¢.02 9. §85333%+0
1982402 | €. 0414962401 | 1 198917E.02 796245201 | 5 995345£.01 | 3 209574802 8. 505457201
IT4E+02 | © 1354072401 | 1. 205124E+02 773648 +0 S8S815E+0 }. S4295TL + (X 7. 5400242

19E.02 1439128+01 1 200680E.02 982058 +01 13%957E.01 2. 7776500 JTY38TE

3 4756628402 | B 06 1 187390E.02 PE296EE«01 | 2 459715E+01 § 939K .01 5. 9B41E0 1 514109802 | 2 39SE80MR1979E 08 219565645

3.4591892.02 8.1381412.01 1.193874E.02 9146824%+0 860217E.C S7iE.02 6. 15492 0 3.50872 02 2. 395683214002x.0¢ 239565645
154e+02 8. 15468201 1.206275E.02 B97354£ .01 3. 936227E.01

3 SE9005E+02 7. 956792801 1 203313E-02 977458 +01 5 110657E+0]
-:7~,I.$"'LVL|;.( 2 g 15 7', 1 :'.t:k' 0«02 3 n 5 60 s T1E«01
3 436209c.02 8. 2102658401 1 188321K.02 2 017861K+02 2 954037£.01
3.510547E002 e ¥ 1. 19345202 553122 +01 2. 657983E.01
5. 7069582-02 | 3 4045232402 | ©. 1796592401 | 1 162607E+02 127192+01 | 2 884743E-01
4E911E. 3 473953E.02 £ 144180E.01 1 190439E.02 934556800 2 734716E-01

OT900K « 02 } SESR80E«02 7. 966393 +01 1 199163802 7175355 +01 2 2408801

415089202 3. 4320402402 € we 1 185654K.02 1) 3. 856222E.01
T8 - T

6E+02 B 2951772.01 1. 211848E+0 2. 026375£+01 6. 878980E.01 2. 52132602 S 52647220 3 S5929%6E.02

7700E+02 | © 199302% 1. 204457E+02 4092+01 | 2 384985E+0] 5445068 +02

3 460890E+02 . 08 \ ] 1. 18602202 91786E+01 3 805448E.01 6121580 b . 9TT1351E. ) 502170E.02

ST62058+02 8. 193576K+01 1 206928K.02 ) 9z+01 5 253804K+03 7229 2 8. 161399% ] 525101802

3. S61945E.02 | 7.5453802 1 197861E.0 01 7. 462011E.01 3 F25400E.( 3.579223z.02

) S85913E+02 B. 284 1.211878E+02 2 015600x+01 6. 7925 3%E-01 S 3 S554954E.02

Edt cell:
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Preparing The Data

+ After you have downloaded the data from the FSSC server
there are some necessary steps to prepare your data for the
analysis:

1. Select the event class suitable for your type of analysis. In most
cases you want to select the ““Diftuse’ class event. This 1s done with
gtselect

2. Exclude “bad’ time intervals with gtmktime.

3. If you got more than one event file, like in our case, you could either
merge all these files on one event file to use in your analysis or you
could use a list of these files.

4. Files from the FSSC are not time ordered. It 1s a good practice to
time order these files especially before performing pulsar analysis.
This will make some of the Science Tools run much faster. This 1s

done with ftsort or fsort
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1. Selecting Event Class

+* So now we have four event files that we just downloaded
from the FSSC. We will select only “Diffuse”

<+ We will first make a list of these files and store i1t 1n a text
file:

Sls

LL100422151847E0D2F37E30 PHOO.fits
L100422151847E0D2F37E30 PHOl.fits
L100422151847E0D2F37E30 PHO2.fits
LL100422151847E0D2F37E30 PHO3.fits
L100422151847E0D2F37E30 PHO4.fits
LL100422151847E0D2F37E30 SC00.fits

$ls -1 L100422151847E0D2F37E30 PHO* > events.txt
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7 1. Selecting Event Class Cont’d

o

* By default, gtselect prompts for cuts on:

Time

Energy

Position (RA ,Dec radius)
Maximum Zenith Angle

+  However, by using hidden parameters (or the 'Show Advanced Parameters' check
box in GUI mode), you can also make cuts on:

- Minimum event class 1D Search Center (RA,Dec)=(1.7565,73.0255)
. Radius «10 degrees
> Maleum event ClaSS ID Start Time (MET) = 239557417 seconds (2008-08-04715:43:37)
- Minimum plllSC phase Stop Time (MET) =293543047.1 seconds (2010-04-21T711:44:07)
Minimum Energy =100 MeV

- Maximum pulse phase Maximum Energy «300000 MeV

+ Selection on event class 1s done through the evclsmin and evclsmax hidden
parameters
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' 2.Good Time Intervals \

+ A GTI 1s a time range in which the data collected 1s
considered to be valid.

+ Why would that happen:

Dead time

Additional cuts, especially on the zenith angle, might mean that the
source will not be in FOV

Space cratt problems(SIUS).

+ gtmktime will update the GTI1 extension 1n the events file

+ GTIs are used by Science Tools to calculate the exposure
for a given observation
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/

2. Good Time Intervals Cont’d ¥

+ Parameters to use with gtmktime:

DATA_QUAL: Data quality flag in spacecratft files
(use DATA QUAL == 1)

IN_SAA: Was FERMI in the Southern Atlantic Anomaly region, if
yes then discard events from this time period
(use IN SAA!=T)

LAT_CONFIG: Configuration of the spacecraft.
(use LAT CONFIG == 1 for science intended data)

ROCK_ANGLE: Angle range at which the spacecraft “rocks’ 1n its
survey mode.

(use ABS (ROCK ANGLE)<52)
+ Qverall expression will be:

- DATA QUAL==1 && LAT CONFIG==1 &&
ABS (ROCK ANGLE)<52 && IN SAA!=T
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S gtmktime
Spacecraft data file[]L100422151847EO0D2F37E30 SC00.fits

Filter expression[] DATA QUAL==1 && LAT CONFIG==1 &&
ABS (ROCK ANGLE)<52 && IN SAA!=T
Apply ROI-based zenith angle cut[yes]

Event data file[]FTl.fits
Output event file name[ ]JFT1 gtmktime\fits

\

Applies zenith angle based on the
value from gtselect (105 deg. in
this case)
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N\ fv: Summary of FT1.fits in /Analysis/abdo/tutorial/
File Edit Tools Help

Index Extension Type Dimension

Original file o e ° o e | v |
1 EVENTS Binary ez °° mJ Hist | M l[ ﬂ‘

2 ! = Header | Hist | Prot | Al | Select |

- Yara
File Edit Tools

Index Extension

gtmktime file ——

1 EVENTS

2 GTI

Number of GTIs increased
Number of events decreased

<+ The increase 1in the numbers of GTIs is due to the fact that after
applying the cuts the original GTIs were split into smaller
Intervals.
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@ 3 Time Ordering

+ To time order events 1n a given event file we will use the
ftsort tool:

+ The time ordering 1s done over the TIME parameter 1n the
events file

+ The file ( ) 18 the new file we will be
using
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